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[s41 PROCESS FOR SELECTIVELY [57] 

A process for selectively purifying sugar beet diffusion 
juice in which the raw diffusion juice is ?rst neutral 
ized to minimize inverted sugar formation and stabil 
ize the colloidal content without precipitating the 
soluble organic acids. The neutralized diffusion juice 
is then subjected to high centrifugal forces to separate 
the colloidal and particulate content from the diffu 
sion juice. After the colloidal and particulate solids 
are removed, the clari?ed di?usion juice is contacted 
with a stoichiometric equivalent or slight excess of 
lime based upon the soluble organic acid concentra 
tion in the diffusion juice to react with the soluble or 
ganic acids to form insoluble calcium salts of the or 
ganic acids. The insoluble calcium salts of the organic 
acids are then removed from the diffusion juice. The 
diffusion juice may be further puri?ed as needed. The. 
insoluble calcium salts of the organic acids are then 
placed in an aqueous solution such as hot water. Car 
bon dioxide gas or other suitable carbonate ion 
producing agent is dissolved in the hot water to 
release the organic acids and produce a calcium car 
bonate precipitate. The dissolved organic acids are 
then selectively recovered by conventional means. 
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PROCESS FOR SELECTIVELY PURIFYING SUGAR 
BEET DIFFUSION JUICE AND BY-PRODUCT 
RECOVERY OF YALUABLE ORGANIC ACIDS 

THEREFROM ' 

BACKGROUND OF THE INVENTION 
This invention relates to beet sugar manufacture and 

more particularly to processes for purifying the diffu 
sion juices and recovery of organic acids contained 
therein. 
Generally modern beet sugar manufacture is conve 

niently separated into ?ve stages or steps: (1) diffusion, 
(2) juice puri?cation, (3) evaporation, (4) crystalliza 
tion, and (5) recovery of sugar from molasses. 
The composition ‘of sugar beets varies widely, de 

pending on the genetic strain, agronomic factors of soil 
and fertilization’, weather conditions during growth, in 
cidence of plant disease, degree of maturity and the 
treatment between harvesting and slicing. The percent 
age of sugar in mature beets ranges from 10-22 percent 
with 15-16 percent being the medium values. A mature 
beet generally contains about three-quarters water. 
The beet has a liquid or juice phase and an insoluble or 
solid phase. The juice contains approximately 25 per 
cent by weight of dissolved solids, the largest compo 
nent of which is sucrose. 
The other water-soluble organic constituents are sep 

arated into equal quantities of nitrogenous and nitro 
gen free compounds. Included in the nitrogen-free 
compounds besides sucrose, are small amounts of glu 
cose and fructose and raf?nose and ketoses. The beet 
juice contains appreciable amounts of the water 
soluble citric acid, oxalic acid, malic acid, acetic acid 
and lactic acid and lesser amounts of succinic acid, gly 
colic acid, galacturonic acid, tartaric acid, formic acid, 
fumaric acid and butyric acid. The juices also contain 
pectic material, saponins and vegetable fats made up of 
lecithin, oleic, palmitic and erucic acids. 
The largest fraction of nitrogenous compounds is 

protein. The nitrogenous organics, which cannot easily 
be coagulated or precipitated, are generally classed as 
“interfering” or “harmful” nitrogen. The organic base, 
betaine, is ‘the largest individual component, followed 
by the amides mostly glutamine and asparagine-amino 
acids, purines, pyrimidines, and ammonia and nitrate. 
The inorganic constituents, totaling about 0.5 per 

cent of the whole beet, include the cations of potas 
sium, calcium, magnesium and sodium and anions 
phosphate, chloride and sulfate. 

In the typical modern plant, the clean sugar beets are 
run through a beet slicer to form long, thin strips or 
cossettes. After weighing, the cossettes pass into a con 
tinuous diffuser usually of the slope-type to extract the 
sugar from the cossettes with a warm water solvent 
from a water supply. The cossettes are propelled up the 
slope by scrolls with perforated plate flights. The sol 
vent (warm water) enters at the top of the diffuser and 
percolates by gravity through the cossette mass, leach 
ing out the sucrose and the water soluble materials as 
the solvent proceeds counter-current to the cossettes. 
Generally, the diffuser is heated by steam to increase 
the extraction efficiency of the solvent. Detrimentally, 
however, the increased temperature causes additional 
amounts of colloidal matter, especially pectins, to be 
added to the juice. The sucrose enriched juice leaving 
the diffuser is known in the industry as diffusion juice 
or raw juice. The depleted cossettes leaving the upper 
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process is approximately 98 percent efficient with the 
diffusion juice containing l0-l5 percent sucrose. 
The diffusion juice is clouded and contains a consid 

erable amount of colloidal particles. The color of the 
diffuser juice is usually gray and changes to a dark gray 
or almost black hue on contact with air. The diffuser 
juice normally has a pH of between 6.2 and 6.5 and 
leaves the diffuser at a temperature between 60°-75° C. 
The non-sucrose content of the diffusion juice is re 

lated to the quality of the beets and the conditions 
under which the sugar is extracted in the factory. Be 
sides the water and sucrose, the diffuser juice contains 
solid impurities which are freely dissolved, suspended 
or colloidal in nature. The colloidal and particulate ma 
terial, in particular, make it very difficult to concen 
trate the diffusion juice or to crystallize pure sucrose 
from the juice. The inverted sucrose (glucose and fruc 
tose) in the juice normally ranges from 0.4 to 0.8 per’ 
cent of the dissolved solids. 
The chief aim of juice purification is to efficiently re 

move the impurities from the juice so that a high qual~~ 
ity white sugar can subsequently be formed with a mini 
mum of sugar loss in the molasses or in the impurities 
removed. Generally, the actual operating conditions of 
the juice puri?cation process is a compromise between 
obtaining a good quality thin juice and ease of sludge 
or mud separation. ’ 

Since the late 1800’s, the classical process for purify 
ing or defecating the diffusion juice has been the lime 
carbon dioxide puri?cation process which includes the 
steps of: (l) pre-liming or pre-defecation, (2) main; 
liming, (3) ?rst carbonation and (4) second carbon 
ation. 

Prior to pre-liming, the diffuser juice is usually 
screened to remove the suspended large particles and 
heated to an elevated temperature in a juice heater. 
The purpose of pre-liming is to alkalize the juice to 

stabilize the colloidal and particulate material at a pH 
of 8.0 to 8.3 and to precipitate certain non-sugars, 
among which are acid anion groups with relatively in 
soluble lime salts such as phosphate, sulfate and certain 
of the organic acids, proteins, and their moieties and 
colloidal substances which are not adequately removed 
in main-liming. Generally, this is appreciably accom 
plished by the addition of a liming agent of 0.2 - 0.3 
percent Cat) by weight to the juice. The lime is added 
in the form of saccharate- milk or milk of lime. The pre 
cipitate produced in pre-liming includes both ionic and 
colloidal types. The first ionic reaction of lime is the 
neutralization of acidity. Since the solubility of the 
formed lime salts are rather low, large amounts of lime 
are not required. The colloidal reactions of the protein 
and pectins are quite complicated and difficult to pre 
dict. 

Proteins of the diffusion juice when precipitated with 
lime from a colloidal slimy precipitate which settle very 
slowly is rather difficult to filter. Furthermore, proteins 
are able to depress the activity of the calcium ion and ' 
increase the apparent solubility product of calcium car 
bonate during carbonation. Pre-liming, if properly con 
ducted, provides for the effective coagulation of pro 
teins. When the lime is added rather slowly a somewhat 
more compact precipitate forms which settles some 
what more readily and is somewhat easier to ?lter. On 
an overall basis, approximately 10 percent of total cao 
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utilized in the puri?cation process is added to the 
screened diffusion juice during pre-liming. 
The liming step includes the addition of excess 

amounts of CaO to the diffusion juice to substantially 
increase the pH of the juice to destroy inverted sugar 
or the saponi?cation of amides and increase sedimenta 
tion and ?lterability of the precipitate during the first 
carbonization. Large quantities of CaO are added to 
the juice, between 2 percent and 3 percent by weight 
of the juice, to complete the destruction reaction and 
to combine with CO2 to form substantial amounts 
CaCO3 precipitate during ?rst carbonation to act as a 
?lter aid to increase sedimentation and ?lterability of 
the conglomerate precipitate or sludge. 

After the liming, when all the possible reactions be 
tween lime and non-sugars have taken place, the third 
fundamental step of ?rst carbonation is introduced. 
The objective of the ?rst carbonation step is to precipi 
tate with carbonic acid the excess of lime added to the 
juice and bring the alkalinity of the juice to a desired 
low level of about 0.1 percent CaO. The precipitated 
calcium carbonate is important for two reasons; (1) to 
be a reagent for further chemical puri?cation of the 
juice, and (2) to act as a ?lter aid. These two uses make 
opposing demands on the physical quality of the pre 
cipitate formed. To obtain optimum chemical puri?ca 
tion, it is desirable to have the calcium carbonate form 
with a high surface area ratio. However, the rate of ?l 
tration and sedimentation are lowered with increased 
surface area ratios. An increase in the size of the cal 
cium carbonate precipitate, results in a lower surface 
area ratio but greatly favors sedimentation and ?ltra 
tion. The physical form of the calcium carbonate pre 
cipitate depends upon the initial alkalinity of the juice 
before carbonation, the drop of alkalinity during ?rst 
carbonation and on the ?nal alkalinity at the conclu 
sion of the first carbonation. Generally, the higher the 
alkaline end point of first carbonation, the better is the 
quality of the thin juice produced. However, the lower 
the alkalinity, the larger the crystalline agglomerates 
and the more easily the carbonation sludge can be set 
tled and ?ltered. The carbonation is generally accom 
plished by gasing CO2 through the solution. 
After carbonation the treated juice flows from the 

carbonation system into a clari?er where separation of 
the precipitated solids from the juice is effected to form 
a thin juice and sludge. 
The thin juice is heated by a thin juice heater and 

sent to evaporators to evaporate much of the water 
from the dissolved sugar content. By evaporation, the 
percentage of dissolved solids in the juice is raised from 
10 - 15 percent to 50 — 65 percent. The overflow from 
the last evaporation is called thick juice. 
The thick juice is then fed to vacuum pans where the 

liquid is boiled at low temperature to avoid inversion 
and caramelization to start the formation of sugar crys 
tals. The liquor is either shocked to start crystal forma 
tion by the small addition of powdered sugar or it is 
seeded with finely-milled sugar in a slurry of iospropyl 
alcohol. When the crystals are of the desired size and 
number, the mass of crystals and mother liquor, known 
as massecuite is then discharged from the vacuum pans 
into a large mixer. From the mixer the massecuite is fed 
to centrifugals. The centrifugal is in essence, a perfo 
rated basket which rotates around a vertical axis at high 
speeds within an outer collector shell. The liquid sur 
rounding the crystals is spun off and leaves the basket 
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through the perforaters. The remaining crystals are 
then granulated. 
During the puri?cation process a substantial amount 

of the sucrose is entrained in the carbonation sludge. 
The carbonation sludge is removed from the clari?er in 
an underflow line. The underflow lines pass the sludge 
to rotary drum vacuum ?lters to remove the juice from 
the solid material. The solid material forms ‘a waste 
lime cake or lime mud cake which is subsequently 
washed several times to re-dissolve the entrained sugar. 
The waste lime cake contains about 75 percent calcium 
carbonate, 6 percent organic nitrogen compounds in 
cluding organic acids, 4 percent of the mineral com 
pounds, a small amount of phosphoric acid equivalent 
and any ?lter aids that are discarded with the waste 
lime. Generally, the waste lime cake is dumped in a 
lime pond to be sun baked. The dried waste lime cake, 
because of its high concentration of calcium carbonate, 
is sometimes processed through a reclaiming kiln to re 
generate lime and CO2 gas. No attempt is made to re 
cover the organic matter of the cake other than to use 
it as a partial fuel source for drying and calcining in the 
reclaiming kiln. 
One of the principal objects of this invention is to 

provide a sugar beet diffusion juice puri?cation process 
for removing impurities in a selective manner to be able 
to recover organic acids as by-products without sub 
stantial subsequent treatment. 
An additional object of this invention is to provide a 

diffusion juice puri?cation process that greatly reduces 
the amount of precipitate required to be ?ltered and 
thereby reduce the ?ltration capacity required to re 
move the precipitate. 
An additional object of this invention is to provide a 

diffusion juice puri?cation process to remove the slimy 
gelatinous colloidal materials from the juice prior to re 
moval of the organic acid impurities to greatly decrease 
the ?ltration load and greatly increase the ?ltration ef 
ficiency. Present puri?cation processes require the ad 
dition of large excess amounts of lime to the juice to act 
as a ?lter aid to overcome the difficulty of ?ltering ge 
latinous precipitates. Such additions are not required 
with this invention. 
A further object of this invention is to provide a pro 

cess for recovering organic acids from sugar beet diffu 
sion juice without adversely affecting the production of 
sugar. 
An additional object of this invention is to provide a 

process for purifying sugar-beet diffuser juice to greatly 
reduce the extent of liming, ?rst and second carboniza 
tion and sul?tation required to purify the juice. This ad 
vantage enables the juice to be puri?ed with equipment 
of considerably less capacity which greatly reduces the 
initial capital costs in plant expenditure, reduces main 
tenance and lowers operating costs. 
A further object of this invention is to provide a pro 

cess for purifying sugar beet diffusion juice to remove 
a considerably greater amount of the organic acid im 
purities to provide a purer thin juice than presently ob 
tained. Such removal results in less evaporator scaling 
than is presently encountered. 
An additional object of this invention is to increase 

the sucrose recovery by decreasing the amount of su 
crose removed during the puri?cation process either by 
way of sucrose destruction by liming or by entrainment 
in the lime mud cake. 
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A further object of this invention is to provide such 

a puri?cation process which increases the ?exibility of 
the overall sugar recovery process to respond to ?uctu 
ations in the quality of the sugar beet and other process 
variables. 
An additional object of this invention is to reduce the 

pollution problems associated with the manufacture of 
sugar from sugar beets. 
These and other objects and advantages of this inven 

tion will become apparent upon the reading of the fol 
lowing detailed description of this invention. 

A BRIEF DESCRIPTION OF THE DRAWING 

A preferred embodiment of this invention is illus 
trated in a schematic flow diagram in the accompany 
ing drawing. 

DETAILED DESCRIPTION OF THE INVENTION 

Broadly, this invention involves the selective puri? 
cation of sugar beet diffuser juice in which the colloidal 
and particulate material are ?rst removed from the 
juice. The colloidal and particulate material removal is 
accomplished by first neutralizing the raw diffuser juice 
to minimize the formation of inverted sucrose and sta 
bilize the colloidal and particulate material without 
precipitating the organic acids. This may be accom 
plished by the addition of NaOH to raise the pH to 6.5 
or above. It is frequently desirable to heat the raw juice 
to a temperature from 85° — 100° C. either simulta 
neously or subsequently to the neutralization to de 
crease the insolubility of the protein in the juice. The 
next step involves separating of the colloidal and par 
ticulate solids from the raw diffusion juice by centrifug 
ing the juice at high accelerations greater than 10,000 
times the force of gravity (abbreviated 10,000 g’s) and 
preferably between 10,000 g’s and 100,000 g’s to form 
a clari?ed diffusion juice. ' 

The clari?ed diffuser juice is then treated to remove 
or reduce the concentration of the organic acids, par 
ticularly citric acid, oxalic acid, malic acid, acetic acid 
and lactic acid and tartaric acid, succinic acid, formic 
acid, fumaric acid, butyric acid, and galacturonic acid. 
A small amount of CaO, or like calcium ion producing 
agent, is then added to the clari?ed diffuser juice to 
precipitate those organic acids that have low solubili 
ties in a calcium salt water solution as shown below: 

Ca-SALT 
ORGANIC ACID WATER SOLUBlLlTY 
Citric Acid 0.210g/100 ml. 
Oxalic Acid 0.00l4g/100 m1. 
Tartaric Acid 0.0078g/100 ml. 
Galacturonic Acid insoluble 
Malic Acid 1.224 /l00 ml. 

' Acetic Acid 29.7gfl00 ml. 
Lactic Acid 7.9g 100 ml. 
Succinic Acid 0.89g/l00 m1. 
Formic Acid 18.4g/100 ml. 
Fuman'c Acid 2.1lg/l00 ml. 
Butyric Acid 17.3g/10O ml. 

Theoretically the small amount of CaO added to the so 
lution should be equal to the stoichometric equivalent 

. of the organic acid ion content in the diffusion juice or 
a slight excess (up to 10 percent). However as a practi 
cal matter it is sufficient to add CaO in amounts be 
tween 0.1 percent to 3 percent by weight to the diffu 
sion juice depending upon the quality of the juice and 
its organic acid concentration. Preferably the amount 
of CaO added should be between 0.1 percent and 0.3 
percent by weight. The precipitated organic acids are 
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removed from the diffusion juice by such separation 
means as centrifugation or filtration. , a . 

After the organic acids have been removed, other 
dissolved impurities may be removed from the juice by 
treating the clari?ed diffuser juice with additional (ex 
cess) lime and CO2 prior the evaporation to destroy 
glucose and fructose formation. I 
The precipitated calcium salts of the organic acids 

are then treated with an aqueous solution, preferably of 
hot water; and a carbonate ion (COS-2) generating 
agent such as CO2 gas to liberate the organic acids and 
to precipitate calcium carbonate to separate the or 
ganic acids from the calcium ion. The calcium carbon 
ate precipitate is then removed from the aqueous solu 
tion leaving the redissolved organic acids. The aqueous 
solution containing the dissolved organic acids is pro 
cessed to separate or purify the organic acids or alter 
natively the aqueous solution containing the dissolved 
organic acids may be sold as a commodity to purchas 
ers having speci?c facilities for the recovery of one or 
more of the organic acids. It may be desirable to soften 
the aqueous solution to remove the last traces of the 

' calcium ion in an ion-exchange with sodium ions. After 
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the calcium ions are removed, the organic acids may be 
separated and puri?ed by conventional means, such as 
column chromatograph, distillation, steam distillation, 
selective solubility in various solvents, etc. 

In terms of apparatus as illustrated in the accompany 
ing drawing, the beets are ?rst cut into cossettes by a 
slicer 10. The cossettes are then placed in a diffuser 12 
and passed counter-current to a solvent (water) ?ow 
ing to the diffuser 12 from a source 14. The sucrose de 
pleted cossettes are then passed to a press 13 to reduce 
the water content of the cossettes below 80 percent for 
drying in a drier 15 to form a feed; 
The screened diffusion juice emitted from the dif 

fuser is directed into a neutralizing tank 17 in which so 
dium hydroxide (NaOH) is added to neutralize the 
juice to minimize the formation of inverted sucrose and 
to stabilize the colloids without prrcipitating the or 
ganic acids. Generally, the raw diffuser juice has a pH 
of between 6.2 and 6.5 and a temperature of between 
60° and 75° C. The addition of sodium hydroxide raises 
the pH above 6.5. From the neutralizing tank the dif 
fuser juice passes through a raw juice heater 18 to raise 
the temperature of the neutralized raw diffuser juice to 
a temperature between 85° C. and 100° C. to denature 
the soluble protein and decrease protein solubility in 
solution. The temperature may vary depending upon 
the juice quality. The heated neutralized diffuser juice 
is then passed on a continuous basis through a separa 
tor 20 such as a high capacity, high speed, solids’ 
ejecting centrifuge to separate the colloidal and partic 
ulate material from the juice. Preferably, the juice is 
subjected to acceleration forces of between 10,000 g’s 
and 100,000 g’ s. For most production operations each 
solids-ejecting centrifuge should have a capacity of ef? 
ciently handling approximately 200 gpm. 
From the separator 20 the clari?ed diffuser juice is 

passed to an organic acid precipitating tank 22 in which 
a liming agent in an amount between 0.1 percent and 
3 percent by weight of the juice is added to precipitate 
those organic acids or a portion thereofv that are rela 
tively insoluble in a Ca-salt water solution. The calcium 
salts of the organic acids are separated from the juice 
in a separator 24 ‘with the precipitated calcium salts 
passing to a carbonation and dissolving tank 28 and the 
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sugar juice ?owing to a lime-carbonation tank 26. In 
the tank 26, the juice is subjected to additional lime 
and CO2 to prevent sucrose inversion before passing to 
evaporators to produce a thick juice in the production 
of beet sugar. 
The calcium salts of the organic acids are subjected 

to hot water and CO2 in the carbonation and dissolving 
tank 28 to free the organic acids and to precipitate 
most of the calcium in the form of calcium carbonate. 
The precipitated calcium carbonate is removed from 
the aqueous organic acid solution in a separator 30. It 
may be desirable to pass the aqueous organic acid solu 
tion through a softener 32 to remove any remaining 
calcium ions before selectively recovering or purifying 
the organic acids in a selective recovery unit 34. 
The solids from the separator 20 pass to the drier 15 

where the moisture is removed to form a salable high 
protein livestock feed. 
As previously mentioned, in the conventional process 

the colloidal and particulate solids and organic acids 
are removed from the juice as part of the lime mud 
cake with no recovery of the organic acids or the colloi 
dal solids other than as a source of fuel for the lime re 
claiming kiln. 
Furthermore, by utilizing this process a purer thin 

juice is obtained having less organic acid content than 
was customary in conventional processes. This not only 
decreases the evaporator scaling problem but also ena 
bles the recovery of some of the organic acids that tra 
ditionally ended up in the molasses. 

It should be understood that the above described pro 
cess may be varied to accommodate the needs of a par 
ticular installation and to suit local conditions and a 
wide variety of diffusion juice quality. Therefore, only 
the following claims are intended to de?ne this inven 
tion. 
What is claimed is: 
1. In the manufacture of beet sugar, selective puri? 

cation of an aqueous diffusion beet sugar juice contain 
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salt in an aqueous solution and recovery of the organic 
acid impurity, said process comprising the steps of: 

selectively removing the colloidal and particulate im 
purities from the beet sugar juice without forming 
an insoluble calcium salt of the organic acid; 

adding a liming agent to the clari?ed diffusion juice 
in an amount between 0.1 percent and 3 percent of 
the clari?ed diffusion juice by weight to form an 
insoluble calcium salt precipitate of the organic 
acid impurity; 

removing the insoluble calcium salt precipitate of the 
organic acid impurity from the diffusion juice to 
purify the beet sugar juice; and 

contacting the insoluble calcium salt precipitate of 
the organic acid impurity with an aqueous solution 
and a carbonate ion (COa'z) producing agent to 
form a calcium carbonate precipitate and to dis 
solve the organic acid impurity into the aqueous 
solution to recover the organic acid from the cal 
cium salt. 

2. In the process de?ned in claim 1 wherein the col 
loidal and particulate impurities are selectively re 
moved from the juice by subjecting the colloidal and 
particulate impurities to centrifugal forces of between 
10,000 g’s and 100,000 g’s. 

3. In the process de?ned in claim 1 wherein the aque 
ous solution containing the redissolved organic acid is 
further processed to remove any remaining calcium 
ions. 

4. In the process de?ned in claim 1 further compris 
ing the step of treating the aqueous diffusion beet sugar 
juice with a pH adjusting agent to raise the pH of the 
juice above 6.5 prior to removal of the colloidal and 
particulate impurities without precipitating the organic 
acid. 

5. In the process de?ned in claim 4 further compris 
ing the step of heating the aqueous diffusion beet sugar 
juice to a temperature between 85° C. and 100° C. prior 

ing colloidal and particulate impurities and at least one 40 to removing the colloidal and particulate impurities. 
organic acid impurity that forms an insoluble calcium 
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